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Space as a
and Response
This study provides a replication of Boynton and Olson’s (1990) work (Vision Research, 30, pp.
1311-1317), but using a more extensive model of colour space-Munsell as distinct from OSA-UCS.
It involved 20 subjects in a total of 17840 observations of 446 colours, in which monolexemic
naming and response times were recorded. The results clearly differentiate between basic and non-
basic colour categories using measures of consistency, consensus and response time. While the
results are equivocal in distinguishing between the so-called “landmark” and “other basic colours”,
they are unequivocal in confirming the salience of the eleven basic colour categories initially
proposed by Berlin and Kay [(1969) Basic colour terms: their universality and evolution, Berkeley,
CA: University of California Press], and, in so doing, reinforce their perceptual significance and
probable physiological basis. The results also reveal differences in non-basic colour naming that
further confirm the special status of the basic colour categories and their role in categorical colour
perception. Copyright 01996 Elsevier Science Ltd
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INTRODUCTION
In 1969,Berlin and Kay observed that colour space was
naturally partitioned into a maximum of 11 basic
categories—three achromatic (black, white, grey) and
eight chromatic (red, green, yellow, blue, purple, orange,
pink,brown)-each definedby its own focal region.They
further observed that focal regions were remarkably
similar for speakers of different languages that encode a
particular colour category. In identifying a universal
tendency to group surface colour perceptions around
specific focal regions, their results suggested an under-
lying physiological basis that ran counter to previous
views of colour space as an essentially arbitrary and
linguistically determined structure [e.g. Ray (1953);
Brown & Lenneberg (1954)]. Sufficient evidence has
now been assembled to demonstrate the importance of
categorizationin colour perception.For example, earlier
work by Rosch and her co-workers has elucidated the
internal structure of colour categories, their develop-
mental acquisition and the existence of this structure
independent of language (Heider, 1971, 1972; Rosch,
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1973; Mervis et al., 1975). Later work has been
supportive [e.g. Whitfield (1981); Bornstein (1985)],
including evidence for the generalizationof this specific
categorical structure to different cultures [e.g. Kay et al.
(1991); Davies et al. (1994a, b)] and also non-human
primates (Matsuzawa, 1985). Even evidence for the
affective influence of intracategory colour structure has
been obtained (Martindale & Moore, 1988).
Within this research domain recent work by Boynton
and Olson (1987, 1990) is important for its rigorous and
systematic sampling of colour space using an accepted
colour order system, the OSA-UCS. The 1987 study
provided a topographic survey of the OSA-UCS colour
space using measures of salience derived from mono-
lexemic naming and response latencies. Using the same
measures, the 1990 study largely focused on the relative
salience of the chromatic categories and on criteria
proposed by Crawford (1982) to determine whether a
colour term is basic. The results provide confirmationof
the chromatic structure proposed by Berlin and Kay and
the utility of the criteria proposed by Crawford (1982).
The authors very reasonably interpret their results as
adding to the weight of evidence supportinga physiolo-
gical basis to categorical colour perception.
The present study was designed to replicate Boynton
and Olson’swork, but using the Munsell system instead
of the OSA-UCS. While the latter system has the unique
advantage amongst colour order systems of equal
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perceptual spacing on the horizontal and vertical axes,
the volume of colour space covered is more limited than
that of the Munsellsystem;in particular, the volumefails
to extend to the more highly saturated regions of colour
space. In terms of identifying the focal exemplars of
colour categories, this is a significantlimiting factor. A
furthermethodologicalimprovementlay in the numberof
subjectsemployedin the present study,twenty as distinct
from nine, and the number of observationsmade, 17840
as distinct from 7632.
The Munsell system was used in Berlin and Kay’s
original work, but with a very limited sampling of the
space and unspecified viewing conditions. In addition,
Boyntonet al. (1989) have compared Munsell and OSA-
UCS equivalentsof Berlin and Kay’s originalsub-set,but
again this provides only a limited sampling of both
spaces. The underlying aim of the present study, there-
fore, was to verify the categorical structure of colour
space proposed by Berlin and Kay and demonstratedby
Boynton and Olson, but using a systematic sampling of
the Munsell space. The topographic aspects of the data
obtained have been reported elsewhere (Sturges &
Whitfield, 1995), and provide a Munsell comparison
with the OSA-UCS data reported in Boynton and Olson
(1987). The present paper focuses upon the relative
salience of the so-called “landmark colours” and “other
basic colours” for the Munsell space, and the prevalence
of non-basic descriptorsof colour and their identities. In
so doing, it provides a comparison with the OSA-UCS
results reported in Boynton and Olson (1990).
METHODS
Subjects
The subjects were 20 undergraduate and recently
qualified graduates (10 males and 10 females) from the
Universityof Teesside,U.K. They were aged between 18
and 25 yr, and had no formal training in colour.All were
volunteers responding to an advert and were paid for
taking part. Subjects were screened for colour vision
anomalies using the Ishihara test.
The Munsell colours
The Munsell system contains over two and a half
thousand different surface colours (physical samples),
arranged according to three attributes: hue; value; and
chroma. These attributes form the basis of the Munsell
colour solid, which provides a representationof surface
colour space in the form of a cylindrical coordinate
system.Munsellhue refers to the attributeof a colourthat
defines it as a red, yellow, green etc., and is represented
by the angular position about the axis. Munsell value
refers to the lightnessof a colourand is representedby the
distanceabovethe bottomplane of the solid. (The central
vertical axis of the Munsell colour solid contains the
neutral colours,with black at the bottomthroughto white
at the top.) Munsell chroma refers to the saturation or
degree of departureof a colour from a neutral grey of the
same lightness: thus, chroma is represented by the
perpendiculardistance from the central axis.
Because the Munsell system contains a large number
of physical samples, it is necessary to use a sub-set,
sampled as systematically as possible. However, given
the cylindrical and asymmetrical structure of Munsell
colour space, sampling is not straightforward. The
technique adopted is described in detail in Sturges and
Whitfield (1995). It involved sampling hues at different
levelsof value and chroma.This was necessarydue to the
structure of the Munsell space, which results in a much
closer spacing of the hues at lower levels of chroma. To
samplevalue and chroma,every othervalue was sampled
at every level of chroma. This was necessarybecause the
number of samples at each level of value and chroma is
not equal for every hue in the Munsell system: for
example, the yellow hues have more samples of high
value and chroma than the blue and purple hues. Of the
37 neutrals in the Munsell system, 22 were selected. In
total, 446 Munsell samples were selected.
Procedure
The 446 Munsell samples were viewed within an
enclosure under an illuminant approximating CIE
Standard Illuminant D65, with a correlated colour
temperature of 6500 K and a colour rendering index of
92. Illumination level was 1000IUX.The visual angle
subtended by the stimulus was ca 2.5 deg. The colours
were exposed using a solenoid driven single-bladed
shutter, and a computer was interfaced with the shutter
mechanism to record response times.
The Munsell samples (gloss) were presented one at a
time, twice each to all 20 subjects, making a total of
17840 observations.They were seen in a random order
which differed for each subject, the reverse of the
subjects’ initial order being used for the second viewing.
Subjects were read standard instructions which asked
them to name each colour sample using any mono-
Iexemic colour term. Neither modifiers, such as
“yellowish” or “dark”, nor compound terms, such as
“blue-green”, were acceptable. Subjects were informed
that they had 5 sec to give their response, after which
time the colour would disappear. No mention was made
of response times, and subjects were unaware that these
were being recorded. The sampleswere presented one at
a time in randomorder,with breaks to reduce fatigue,and
were then presented again in the reverse order with the
same number of breaks. Each subject therefore made a
total of 892 observations.Further detailsof procedureare
given in Sturges and Whitfield (1995).
RESULTS
As this is a replication of Boynton and Olson’s (1990)
study, but using a different model of colour space, the
resultswill be reportedwherever possibleusing the same
format and terminology.For example, the results for the
basic chromatic colours will be reported using their
distinctionbetween “landmark colours” and “other basic
colours”. Landmark colours are red, yellow, green and
SALIENTFEATURESOF MUNSELLCOLOURSPACE 309
blue, and other basic colours are classed as purple,
orange, pink and brown. The remaining three basic
colours, black, white and grey, are achromatic and will
also be included in the analyses.Boyntonand Olsonwere
unable to report fully on the achromatic colours due to
their poor representation in the OSA-UCS set. As the
Munsellsystemcontainsmany more neutralsamplesthan
the OSA-UCS system, the results for achromaticcolours
are included here.
Similarly, results based on their three dependent
measures will be reported. The first of these is
consistency, which refers to the occasion where a colour
sample is given the same name by the same subject on
both presentationsof that sample. It shouldbe noted that
the consistencymeasure is within subjects; as such, it is
possible for a colour sample to be named consistentlyby
two or more subjects who used different colour terms.
The second dependent measure is consensus, which
refers to the level of agreementbetween subjects in their
colournaming.Perfect consensusis achievedwhen every
subjectuses the same colour term to describea particular
colour sample on every presentation of that sample. In
this study, as in Boynton and Olson’s,different levels of
consensus will be considered: these range from a
maximum of 40 identical responses (i.e. perfect con-
sensus) to a minimum of 21 identical responses,
irrespective of how they are distributed among the 20
subjects. Finally, the third dependent measure, response
time, refers to the time lapse between the onset of the
stimulus and the subject’scolour naming response.
Consistency
The 11 basic colour terms were used on over 93% of
the trials (16715 out of 17840). Of the remaining 1125
trials, 38 different non-basic colour terms were used.
None of these non-basic terms was used by all 20
subjects, though cream was used by 18 out of the 20.
A total of 81.5% of responses were consistent,
compared to 6570in Boynton and Olson’s (1990) study.
This percentage increased to 84.4% consistency (range
77.6-90.4%) when subjects were using one of the 11
basic colour terms. When using non-basic terms the
consistency dropped dramatically to 37.2Y0(range 10–
66.7%). These results are comparablewith Boynton and
Olson’s tindings of 75% consistency with basic names
and 45’%oconsistency with non-basic names, though the
ranges are greater in the present study.
Table 1 provides the ratio of consistent to inconsistent
use of colour names for all of the 11 basic terms and ten
of the non-basic terms. As can be seen, subjectswere far
more consistentwhen using basic terms than when using
non-basicterms. In addition,none of the non-basicterms
were used consistently by all subjects, cream being the
most consistently used by a total of 14 subjects. It is
notable that there are considerable differences between
the consistency ratios observed in the present study and
those in the 1990 study. A clear difference is that the 11
basic colour terms were used much more consistentlyin
the present study than in Boynton and Olson’s (with the
TABLE 1. Ratio of consistent to inconsistentcolour naming for basic
and most consistently used non-basic terms
Basic colours Non-basic colours
Mean Mean
consistency consistency
Colour ratio Colour ratio
Blue
Green
Purple
Yellow
Pink
Black
Grey
Red
Orange
Brown
White
8.61
7.59
6.49
5.50
4.50
4.04
3.98
3.97
3.45
3.37
3.31
Cream
Turquoise
Lilac
Mustard
Beige
Violet
Peach
Olive
Lime
1.23
0.88
0.86
0.80
0.55
0.47
0.44
0.32
0.29
0.24
The non-basicterms are those that were used by at least five subjects.
exception of orange): for example, in the latter study
green had the highest mean consistency ratio at 3.98,
whereas the highest in the present study was blue with a
mean consistency ratio of 8.61. The achromatic colour
terms were also used more consistently than previously.
Two further differences are that the non-basic terms
were, in general, used more consistentlyin Boynton and
Olson’s study, and they differ considerably between the
studies in terms of their actual identities:for example, in
the present study cream was the most frequent and
consistently used non-basic term; however, it does not
even feature in Boynton and Olson’s top 13 most
consistent non-basic terms. In fact, five of the ten non-
basic terms in Table 1 do not even appear in Boyntonand
Olson’s equivalentnon-basic list. Figure 1 also presents
the mean consistency ratios and reveals the clear
differencein consistencybetween the eleven basic colour
terms and the non-basic terms. Unlike the 1990 study,
however, these results show a small difference between
the four landmark colours as a group and the other basic
colours (mean differenceof 1.97 against0.11 in Boynton
and Olson’s study), with the former being used slightly
more consistently than the latter. The interpretation of
this difference, however, is problematic, as will be
discussed later.
Consensus
One hundred and two of the 446 colour samples (ca
23’ZO)were named with perfect consensus. This is in
marked contrast to the 1990 study, where unanimous
agreement in naming occurred for just nine samples out
of 424 (ca 2910).Figure2 showshow the numberof colour
samples that achieve consensus increases as the con-
sensus criterion is relaxed from a maximum of 40
identical responses (perfect consensus) to the smallest
possible majority of 21. The graph reveals a fairly
straight line, though there is an increase of over 50
samples between the consistency levels of 40 and 38.
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FIGURE 1. Ratio of consistent to inconsistent use of the indicated
colour terms.
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FIGURE 2. Number of colour samples included as the criterion for
defining consensus is relaxed from 40 responses to the smallest
possible majority of 21.
Discounting this large increase, an extra 14 samples on
average are included as the criterion for consensus is
relaxed by one. With the consensuscriterion at 21, over
91% of the samplesare included(407 of 446).Again, this
is in marked corrtrast to Boynton and Olson’s results,
where just 58$Z0of the samples were included at their
lowest possible majority for consensus. However, the
relationship revealed in Fig. 2 is similar in both studies.
Another differencebetween the two studies lies in the
prevalenceof non-basicterms. In the 1990study,subjects
used non-basic terms 3390of the time compared to just
6.3% of the time in the present study. The range of
individual subjects’ non-basic responses is also much
smaller, from the highest total of 15 non-basic names
down to one subjectwho used no non-basicnames at all.
Boynton and Olson’s range is considerablygreater, from
4 to 47.
LANDMARK
COLOURS
ACHROMATIC NON-SASIC
COLOURS COLOURS
FIGURE3. Meanresponsetime as a functionof colournameused.The
non-basic terms are those that were named the fastest and that were
used at least 25 times.
Response time
Figure 3 shows the mean response times for the 11
basic colours and seven of the fastest named non-basic
colours.The latter were used at least 25 times, and it can
be seen that all of the non-basic colours were named
slowerthan any of the basic colours.Once again there is a
slight difference, not found by Boynton and Olson,
between the landmark colours and the other basic
colours.Responsetimes for all basic and non-basicterms
in the present study were also generally less than those
found in the 1990 study. In addition, the difference
between basic and non-basic response times is much
smaller in the present study.
Following the work of Mervis and Rosch (1981),
Boyntonand Olsonexpected samplesnamed with greater
consensusto be named more rapidly than those samples
namedwith a lesser degreeof consensus:in effect, colour
samples that are good representativesof their particular
category should be accessed more quickly and therefore
named faster than thosewhich are poor representativesof
their category. Figure 4 depicts the relationshipbetween
response times and degree of consensus. There is
considerable variation in response times for individual
coloursacrossthe consensuscriterion,though the general
trend is the same as that found in 1990;i.e. responsetimes
increase as the consensus criterion is reduced. Only one
non-basic term was named within the range of the
consensus criterion shown in Fig. 4, and that is cream.
Cream, however, still only appears over two levels of
consensus, 24 and 25, indicating a very clear division
between basic and non-basic colours.
A twelfth basic colour sensation?
Though 38 different non-basic terms were used, none
come ciose to meeting the criteria for defining basic
colour terms. Cream is the closest, being used most
consistently (Fig. 1), having one of the fastest mean
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FIGURE 4. Mean response times as a function of the consensus
criterion. To reduce clutter, red and purple have been displaced
downwards by 0.25 see, yellow and orange have been displaced
upwards by 0.25 see, pink, brown and cream upwardsby 0.5 see, and
black, white and grey upwardsby 1 sec.
responsetimes (Fig. 3) and being the only non-basicterm
to be named with a consensus of 21 or more (Fig. 4).
Figure5 showsthe minimumresponsetimespertainingto
each colour category at each Munsell value (lightness)
level for those samples meeting the minimum consensus
criterion of 21. Blue and green are found to cover almost
the entire range of lightnesslevels,with purplescovering
most levels also.White and yellow,not surprisingly,only
cover the highest levels, and pink orange and grey cover
more of the mid-range.Black, red and brown are used to
name the darkest colours, though brown has a larger
range. Cream, being the only non-basic term used with
consensus, is only to be found at the highest lightness
level. Despite the shortage of consensuscreams, it does
occupy an area of colour space where colour naming is
slow and inconsistent,and where basic colour terms are
rarely used (Sturges & Whitfield, 1995). Boynton and
Olson do not report any results for cream, with peach as
their suggested twelfth basic colour sensation. The
present results for peach illustrate the major differences
that exist between the two studies in terms of non-basic
colour naming.
DISCUSSION
The results reveal a clear and definite distinction
between basic and non-basic colour naming using three
dependent measures; consistency, consensus and re-
sponse time. When subjectswere asked to name colours
sampledfrom the Munsellspace, the 11basic terms were
used more quickly, with greater consistency within
subjects and with greater consensus between subjects.
This reinforces Boynton and Olson’s conclusions that
basic names are more salient than non-basic names and
that they refer to 11 basic colour sensations(black,white
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FIGURE 5. Minimum response time, for each colour name, at each
lightnesslevel, for samplescalled by that name at least 21 times. Points
have been arbitrarily displaced vertically to reduce clutter. The
minimum response time for each group, which defines the actual
vertical position, is indicated.
and grey were included in the present study) which
probably have a physiological basis. The non-basic
names appear to be used for colours which lie between
the basic consensus colours and are elicited when none
of the latter dominate in the categorization of the
stimulus colour. This is a plausible explanation for non-
basic termsbeing used less consistently,more slowly and
with less agreement between subjects than the basic
terms.
In general, the pattern of results is similar to that
observed by Boynton and Olson; however, as indicated,
there are a number of clear differences. The first is in
the consistencyratios of all colour terms used. Both the
landmark and other basic colours in the present study
were named with approximately twice the consistency
than that observed in the 1990 study: the non-basics,
however, were named far less consistently here than
previously. The former may be explained by the sheer
difference in the use of basic and non-basic names.
Subjects in the present study used basic names 93.7%
of the time compared to 67.4570in Boynton and Olson’s
study,which may reflect the use of the higher saturation
samples available in the Munsell system. The difference
in non-basicconsistenciesis more difficult to explain.
Two other interesting differences between the studies
are the number of samples that were named with perfect
consensus,and the identitiesof the non-basicterms used.
Regardingthe former, there was unanimousagreementin
naming of 102 of the 446 Munsellsamples,whereas only
9 of the 424 samples achieved this in the OSA-UCS
study. While again this may be due to the use of the
higher saturationMunsellsamples, it may also reflect the
greater use of non-basic terms in the 1990 study. This in
turn indicates a difference between the subjects in that
study (from the U.S.A.) and the subjects in the present
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study (from the U.K.); though,given the small numberof
subjects involved, any interpretation would be highly
speculative. It is notable, however, that not only was
there a major difference in the numberof terms used, but
the identity of the terms differed considerably between
the two studies.
Boynton and Olson also found a relationshipbetween
the ratio of consistent to inconsistentuse of basic colour
terms and the number of non-basic colour terms used:
generally, the greater the number of non-basic terms
used, the less consistent the basic naming became. This
suggeststhat the basic colourcategories(e.g. green)were
being subdivided and given various non-basic names
(e.g. lime, jade, aqua) which reduced the consistencyof
the basic colour terms that they replaced. This relation-
ship was not observed in the present study and, given the
very high percentage of consistent responses, suggests
that the non-basic naming in the present study was
qualitatively different from that observed previously; in
particular, that non-basic terms were assigned to regions
of Munsellcolour space that were outsidethe boundaries
of basic colour categories, rather than being used to
subdividethose basic categories.
The achromatic colours were also included in the
present analysis. This completes the picture in terms of
the basic colour terms, and may help to explain another
important difference between the consistency ratios of
the landmark and other basic colours. In Fig. 1, the mean
consistency ratios of the three achromatic colours are
lower than those for both the landmark and other basic
colours.This suggests that it is not necessarilycorrect to
interpret Fig. 1 as indicating that the other basic colours
are less salient than the landmark colours: it would be
difficult,after all, to suggest that black and white are less
salient than pink. The results in Fig. 1 are probably
influencedby the frequency of use of each colour term;
for example, the greatest number of consensus samples
were named blue, while the smallestnumberwere named
white, and blue and white have the highest and lowest
respective mean consistency ratios for the basic colour
terms. A further factor may well be the actual volume of
colour space described by a colour term. It is interesting
that the three basic colours describing the greatest
volume of Munsell colour space as measured by the
consensus criterion, green, blue and purple (Sturges &
Whitfield, 1995), have the three highest mean consis-
tency ratios,while white has both the lowestvolume and
consistency ratio. Given that the difference between the
landmark and other basic colours is small, the question
must be asked, are the other basic colours sufficiently
different from the landmark colours to be classed as less
salient?This same questionwould apply to Fig. 3, where
again there is a very slight difference in response times
between the landmark and other basic colours. It may be
basis of the present results for consistencyof naming and
response times, it would be reasonable to include purple
as a landmark colour and to question the very landmark
status of red.
In conclusion, the results of this study support the
primacy of the eleven basic colour categories and, in so
doing, support the model proposed by Berlin and Kay.
While there may well be a hierarchywithin this proposed
structure, whereby the four supposed landmark colours
(red, yellow, green, blue) are slightly more salient than
the other basic colours (purple, orange, pink, brown), the
results are equivocal when considering the achromatic
colour terms, the status of purple and even that of red. A
cautiousinterpretationwould be that a differencehas not
yet been convincinglydemonstrated.Unlike basic colour
terms, however, non-basiccolour terms are always given
with less agreement among subjects, with greater
hesitation and with less consistency. It would be
surprising indeed if the consistency of results that has
now emerged supportinga categorical structure to colour
space based on Berlin and Kay’s model was not reflected
in a neurophysiologicalcorrelate (Rosch, 1977; Zollin-
ger, 1979). Furthermore, given the clear similarity in
categorical structure obtained between human subjects
(Sturges & Whitfield, 1995) and a chimpanzee (Matsu-
zawa, 1985) for the Munsell space, its generalization
beyond human primates is plausible.
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